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© The electrical impedance between two selected 
points (20. 22) on a person's chest will change in 
response to spontaneous respiration. The rising 
edge of an Impedance signal is detected to indicate 
the onset of spontaneous inspiration. The supply of 
gas by a respirator (12) is synchronized by a ventila- 
tion synchronizer (16) with a selected point during 
the spontaneous inspiration time period. Apnea con- 
ditions are detected to trigger a backup system for 
supplying gas to the patient periodically despite the 
lack of spontaneous respiration. If so desired, the 
triggering and turning off of the respirator (12) need 
not be synchronized to be simultaneous with the 
onset of Inspiration and exhilation; instead, these 
may be accomplished at selected times after the 
initiation of inspiration or exhilation. The triggering 
and turning off of the respirator can also be accom- 
plished In a manner so that the effects of a wander- 
ing baseline are minimized. Instead of using the 
electrical impedance between two points on a per- 
son's chest to indicate spontaneous respiration, oth- 
er signals may also be used which rriay for example 
be electromyograms, signals indicating chest muscle 
contractions, pneumatic device signals indicating the 
movement of patient's abdomen and ultrasound sig- 



nals indicating the movement of the patient's dia- 
phragm. 
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VENTILATION SYNCHRONIZER 



Background of the Invention 

This invention relates to systems for synchro- 
nizing the supply of gas by a respirator with spon- 
taneous respiration. More specifically, this invention 
relates to a method and apparatus for controlling a 
respirator in order to synchronize the supply of gas 
by the respirator with the respiration of a person in 
response to a signal indicating the respiration cycle 
of the person. 

A variety of persons such as sick patients and 
infants benefit from mechanically assisted respira- 
tion. In hospitals, respirators are commonly used to 
assist such persons to breathe.. Conventional 
neonatal respirators deliver gasses under pressure 
in a closed chamber (e.g. the respirator chamber) 
to babies. Since conventional neonatal respirators 
are not synchronized with patient respiration, these 
respirators not infrequently supply gas to infants 
when the infants are trying to exhale so that the 
infants are actually breathing against the pressured 
gas from the respirator. This increases the pres- 
sure in the lung and may damage lung tissues. The 
increase in pressure in the lung may hinder the 
flow of blood from the brain to the lung, thereby 
increasing the risk of intracranial hemorrhage. 

Because of the above described disadvantages 
of conventional neonatal reespirators, improved de- 
signs have been proposed. In one improved de- 
sign, the change in gas pressure In the chamber is 
monitored in order to detect spontaneous respira- 
tion of the baby. A valve for ventilating the cham- 
ber to the atmosphere is then closed or opened in 
response to detection of inspiration and exhalation 
by the baby. These neonatal respirators, however, 
are disadvantageous since they are relatively in- 
sensitive to the spontaneous respiration of infants 
due to a number of factors. The respirator chamber 
under pressure is relatively large compared to the 
amount of gas inhaled or exhaled by infants which 
is usually in the range of five to twenty cubic 
centimeters. Therefore the inspiration and exhala- 
tion of infants will only cause a slight change in 
pressure of the chamber; such small changes may 
not be detected by conventional neonatal respira- 
tors. 

Premature infants frequently experience peri- 
odic lapses of respiration known as apnea. Since 
the improved neonatal respirators described above 
respond to changes in pressure, such respirators 
simply cease to function during apnea. Because of 
this and other disadvantages described above, It Is 
desirable to provide ventilation synchronizers which 
are more sensitive to spontaneous respiration 
where the amount of gas inhaled or exhaled is 



small and which can assist premature infants dur- 
ing apnea. 



5 Summary of the Invention 

One aspect of the invention is based on the 
observation that when a person breathes, the elec- 
trical impedance between two selected points on 
10 the person's chest will change so that the sponta- 
neous respiration of the person can be detected 
from such electa^ical impe dance. Thus an Inspira- 
tion control signal may be derived from such elec- 
trical impedance by triggering the supply of gas by 
IS a respirator. 

The apparatus of this invention is for controlling 
a respirator so that gas Is supplied by the respira- 
tor to a patient at desired times to aid patient 
breathing. The apparatus comprises means for 
20 generating an impedance signal indicating tiie elec- 
trical impedance between two selected points on 
the patient's chest. The apparatus further com- 
prises inspiration detecting means for deriving an 
inspiration control signal from the Impedance signal 
25 to indicate spontaneous patient' inspiration and for 
ti-iggering "the supply of gas by the respirator upon 
detection of spontaneous patient inspiration. 

Another aspect of the Invention is based on the 
observation that when a person breathes, the 
30 breathing includes an inspiration cycle during 
which the person inhales continuously and an ex- 
hilation cycle during which the person exhales con- 
tinuously, and that if a signal is generated whose 
level rises or falls substantially continuously during 
35 the inspiration cycle and changes in level during 
the exhilation cycle in the direction opposite to that 
during the inspiration cycle, the changes In signal 
level can be detected to detect the inspiration and 
exhilation of the person. Based on such aspect, an 
40 apparatus is designed for controlling a respirator to 
supply gas to a patient whose respiration includes 
inspiration and exhilation cycles. The apparatus 
comprises means for generating a signal indicative 
of patient respiration. The signal increases or de- 
45 creases substantially continuously in amplitude 
during the inspiration cycle and changes in am- 
plitude during tiie exhilation cycle In the direction 
opposite to that of the inspiration cycle. The ap- 
paratus further comprises means for detecting the 
50 change in signal level which corresponds to the 
inspiration cycle to generate an inspiration control 
signal for triggering the supply of gas by the res- 
pirator upon detection of spontaneous patient in- 
spiration. 

In the preferred embodiment, the inspiration 
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control signal causes the respirator to supply gas 
to the patient for a first predetermined time period 
and so that no gas will be supplied for a second 
predetermined time period either immediately after 
the first time period or upon detection of sponta- 
neous exhalation by the patient. The preferred em* 
bodiment also includes means responsive to the 
impedance signal for detecting apnea and means 
for periodically triggering the supply of gas by the 
respirator to the patient upon detection of apnea. If 
so desired, the triggering and turning off of the 
respirator need not be synchronized with the detec- 
tion of the onset of Inspiration and exhalation: in- 
stead, the triggering and turning off of the respira- 
tor may be accomplished at selected times after 
the initiation of Inspiration and exhalation. The trig- 
gering and turning off of the respirator can also be 
accomplished in a manner so that the effects of a 
wandering baseline are minimized. Such wandering 
baseline may be caused by physical movements 
by the infant which in turn causes the electrical 
Impedance between two points on the infant's 
chest to change. 



Brief Description of the Drawings 

Rg. 1 is a block diagram of a respiration 
system connected to a patient for assisting patient 
respiration using a ventilation synchronizer to ilius 
trate the invention. 

Fig, 2 is a block diagram of the ventilation 
synchronizer to illustrate the preferred embodiment 
of the invention. 

Fig. 3 is a schematic circuit diagram of the 
synchronizer of Rg. 2 to illustrate the preferred 
embodiment of the invention. 

Figs. 4-8 are timing diagrams to illustrate the 
functions of the ventilation synchronizer of Rgs. 2 
and 3. 



Detailed Description of the Invention 

Fig. 1 Is a block diagram of a respiration sys- 
tem connected to a patient for assisting patient 
respiration using a ventilation synchronizer to Illus- 
trate the invention. As shown in Rg. 1, patient 10 is 
aided by a respirator 12 to breathe. As is fre- 
quently done in hospitals, the impedance pneumo- 
gram of patient 10 is monitored by a monitor 14. 
According to the teachings of this invention, a 
ventilation synchronizer 16 is used to take advan- 
tage of the readily accessible impedance pneumo- 
gram to synchronize the time cycles of the respira- 
tor 12 with the breathing cycles of patient 10. 
Impedance pneumograms are obtained by con- 
necting wires from monitor 14 to selected points 



20, 22 on the patient's chest in order to monitor the 
electrical impedance between points 20, 22. During 
the respiration cycle of the patient the patient's 
chest expands during inspiration, thereby increas- 

6 Ing the distance between points 20, 22 and in- 
creasing the electrical impedance sensed by moni- 
tor 14. When the patient exhales, the distance 
between points 20. 22 decreases and so does the 
electrical impedance sensed by monitor 14. Ven<- 

10 tilation synchro nizer 16 makes use of the informa- 
tion available from the electrical impedance be- 
tween points 20, 22 in the Impedance pneumogram 
to synchronize the respirator with the patient's 
breathing. 

75 Rg. 2 Is a block diagram of the ventilation 

synchronizer 16 of Rg. 1 to illustrate the preferred 
embodiment of the invention. Rg. 3 is a schematic 
diagram illustrating in more detail the preferred 
embodiment of the invention. As shown in Rg. 2, 

20 the impedance signal from monitor 14 is processed 
by synchronizer 16 to detect spontaneous patient 
inspiration in order to generate an inspiration con- 
trol signal at output 50 of the synchronizer 16. The 
inspiration control signal is then applied to respira- 

25 tor 12 for controlling the supply of gas to patient 
10. 

The spontaneous inspiration by the patient is 
indicated by the rising edge of the impedance 
signal from monitor 14, The rising edge of the 

30 impedance signal is detected by circuit compo- 
nents 52-60 of Rg. 2. In the discussion that follows, 
reference will be made to the relevant blocks in 
Fig. 2 and the corresponding components in the 
schematic circuit diagram of synchronizer 16 In 

35 Rg. 3. In reference to Rgs. 2 and 3, the impedance 
signal is fed to two inverting amplifiers Al. A2. The 
output of inverting amplifier Al is supplied to peak 
detector 54. The output of peak detector 54 and 
inverting amplifier A2 are applied to a voltage com- 

40 parator 56. The comparator output is then applied 
to inspiratory timer 58 which generates the Inspira- 
tion control signal. The inspiration control signal Is 
then fed to buffer 60 whose output at 50 is used to 
drive a exhalation solenoid in respirator 12 (not 

45 shown In Fig, 1). The exhalation solenoid in respira- 
tor 12 controls the opening or closing of a valve of 
the respirator chamber to control the supply of gas 
to patient 10. 

Figs. 4-8 are timing diagrams to Illustrate the 

50 functions of the ventilation synchronizer 16 of Figs. 
2 and 3. The detection of the rising edge of an 
impedance signal from monitor 14 will now be 
described in reference to the above-mentioned 
blocks in Fig. 2, the schematic illustration in Fig. 3 

55 and timing diagrams Rgs. 4 and 5. In reference to 
Figs. 2 and 3, the Impedance signal is inverted by 
amplifiers Al. A2. For reasons discussed below, 
amplifier A2 also adds a DC offset. The Inverted 
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and amplified impedance signal from amplifier A2 
is then applied to peak detector 54. 

In reference to Fig. 4, the Input signal Is essen- 
tially in the shape of a sine cun/e. Below the input 
curve are shown the outputs of components A1-A5. 
Thus, as shown In Fig. 4, amplifier A2 adds a DC 
offset voltage of 2 volts to the inverted waveform of 
the impedance signal. At time tO, the patient is in 
the middle of an Inspiration cycle. The Inspiration 
cycle ends when the impedance signal reaches the 
peak whereupon the expiration cycle begins. The 
exhalation cycle ends at time t2. At time t1. peak 
detector 54 is switched on after a reset period 
described below and follows the output of amplifier 
A1 to 6 volts. From time t1 to t2, no peak is 
detected by detector 54 so that the output of the 
detector simply follows the output of amplifier A1. 
At time t2, however, a peak is detected by detector 
54 so that even though the output of amplifier A1 
decreases, the output of A4 remains at the peak 
voltage of 8 volts. The outputs of detector 54 and 
amplifier A2 are applied to comparator 56. At time 
t3, comparator 56 detects that both inputs are at 8 
volts. Upon such detection, the output of A5 drops 
from 15 volts to -15 volts at time tS. The output of 
comparator 56 is clipped and inverted by transistor 
Q1. The output of Ql is converted into sharp 
negative pulses by transistor Q8 of Rg. 3 and 
applied to monostable multivibrator A6 in timer 58. 
Timer 58 includes a monostable multivibrator A6 
which is triggered by negative going pulses. Upon 
being triggered, timer 58 generates an output 
which is constant for a set time period to turn on 
the respirator 12 for such time period. 

It wlil be observed that one advantage in the 
arrangement of amplifiers A1. A2. detector 54. 
comparator 56 of Figs. 2 and 3 is that the trigger- 
ing of the supply of gas from respirator 12 can be 
synchronized with any selected point during the 
spontaneous inspiration of the patient. Thus, from 
Fig. 4. where the offset applied by amplifier A2 is a 
positive DC offset, the effect is to shift the trigger 
point (i.e. when gas starts to flow from the respira- 
tor to the patient) to a later time after the initiation 
of spontaneous inspiration. As shown in Fig. 4, 
spontaneous inspiration is initiated at time t2, but 
the trigger point of the respirator is at t3, which is 
approximately half way in the spontaneous inspira- 
tion cycle. 

In some situations, it may be desirable to shift 
the trigger point of the respirator to a later time 
after the initiation of spontaneous inspiration. For 
example, the patient may be breathing harder at a 
later point in the inspiration cycle; if that is the 
case, it is desirable to aid inspiration just at about 
the time when the patient is beginning to breathe 
harder. Conversely, the trigger point of the respira- 
tor can be shifted close to or at the initiation of 



spontaneous Inspiration. Thus, If no DC offset Is 
applied by amplifier A2. the trigger point of the 
respirator will be at time t2. or at the onset of 
spontaneous inspiration. Thus, by adjusting the DC 

5 offset level in amplifier A2, the trigger point of the 
respirator can be synchronized with with a selected 
point on the rising edge of the impedance signal, 
or in other words, at a selected point in the sponta- 
neous Inspiration cycle. 

10 The arrangement of Figs. 2. 3 is also advanta- 
geous since it substantially reduces the chances of 
triggering the supply of gas to the patient by spur- 
ious arjfacts. Cardiac artifacts (i.e. heartbeat) may 
cause some small oscillating changes in the elec- 

75 trical impedance across the points 20, 22 in Rg. 1, 
and such oscillations appear in the input signal to 
synchronizer 16 as shown in the top of Fig. 6. By 
choosing an appropriate offset voltage at amplifier 
A2, the trigger point is moved away from the low- 

20 est dip point In the input impedance waveform (e.g. 
at time t2) so that these small oscillating changes 
at or near such dip points will not cause the res- 
pirator to be triggered. 

Another advantage of the arrangement in Rgs. 

25 2 and 3 is that a wandering baseline for the imped- 
ance signal and artifacts does not significantly af- 
fect the ventilation synchronizer 16. Ttre movement 
of the patient, particularly infants, may cause a DC 
shift in the impedance signal again as shown in the 

30 top of Rg. 6. where the baseline of the impedance 
input signal deviates from 0 volts. Thus, if the 
amplitude of the impedance signal from monitor 1 4 
is used for synchronizing the respirator, such wan- 
dering baseline caused by artifacts such as the 

35 cardiac artifact will introduce errors in the synchro- 
nization. In the arrangement in Rgs. 2 and 3. this 
problem is avoided by using peak detectors to 
minimize the effects of DC shifts on the synchro- 
nizations. 

40 The width of the pulse at the output of timer 58 

is preset in order to set the inspiration time; in 
other words, the inspiration time period during 
which the respirator supplies gas to the patient is 
preset In timer 58. In reference to Rg. 3, this may 

45 be set by means of moving the arrow in the 350 
kilo ohms potentiometer 62 near the monostable 
multivibrator A6 to the appropriate point. When the 
timer 58 times out, a minimum exhalation timer 
with buffer 72 is triggered through gate 74. Timer 

50 72 is preset to time out after a second predeter- 
mined time period. When timer 72 is counting and 
before It times out. timer 72 inhibits the inspiratory 
timer 58 to prevent respirator 12 from supplying 
gas to the patient during the second predetermined 

55 time period, referred to below as the minimum 
exhalation time period. In other words, within such 
minimum exhalation time period, respirator 12 is 
prevented from supplying gas to patient 10 ir- 
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respective of the signal conditions of the imped- 
ance signal. This feature allows the patient to ex- 
hale without having to overcome gas pressure sup- 
plied by the respirator. This feature also prevents 
inadvertent positive and expiratory pressure when 5 
the patient attempts to Inhale without exhaling after 
taking In an Intial breath. Taking in repeated 
breaths without exhaling is undesirable since pres- 
sure wll build up cumulatively in the lung. 

Synchronizer 16 may be operated in two dif- io 
ferent modes. In one mode, input 74a to gate 74 is 
always high so that the falling edge of the output of 
timer 58 would trigger timer 72 as shown in Fig. 5. 
As shown in Fig. 3, this is accomplished by an 
inverter, a waveshaptng filter and transistor Q9. 75 
which generates a negative going pulse in re- 
sponse to the falling edge of the output of A6. 
Such negative going pulse triggers monostable 
multivibrator A7. The minimum exhalation time pe- 
riod can again be set by moving the arrow In the 20 
200 kilo ohms potentiometer 64. 

When the synchronizer 16 is operated in the 
other mode, the state of the input 74a to gate 74 
would depend on an exhalation control signal de- 
rived from the falling edge of the impedance edge 2s 
as described below. Upon the detection of the 
falling edge of the output of multivibrator A6 at 
multivibrator A7, peak detector 54 is reset by 
means of the output of transistor Q4. Thus, in 
reference to Rgs. 3 and 5. at time t4, the output of 30 
transistor Q4 goes low, which resets multivibrator 
A6 and peak detector 54, (and peak detector 134 
as well as described below) by closing switch 76 
(Rg. 3) in peak detector 54 by means of driver Q5 
and relay coil XI . By closing switch 76. the output 35 
of non-inverting amplifier A4 drops to 0 volts as 
shown in Fig. 4, When the exhalation timer 72 
times out at time tl' in reference to Fig. 5, the 
output of transistor Q4 rises to 5 volts. This opens 
the switch 76 so that the output of non-inverting 4o 
amplifier A4 rises to the voltage level of the output 
of amplifier A1 as described above. Thus, time tl 
marks the end of the reset time period. At this 
point, synchronizer 16 Is ready to detect a selected 
point on the rising edge of the next spontaneous 45 
inspiration time period to repeat the above opera- 
tion. 

Premature infants frequently experience lapses 
of spontaneous respiration known as apnea. Syn- 
chronizer 16 detects apnea conditions and causes 50 
respirator 12 to supply gas to patient 10 periodi- 
cally at a predetermined frequency for a set time 
period in order to help the patient to again initiate 
spontaneous respiration. Such feature of the inven- 
tion Is Illustrated with respect to the apnea timer 55 
82. the backup breath timer 84, trigger pulse gen- 
erator 86, gates 102-106, buffer 108, the inspiration 
control circuitry discussed above and Rg. 6. As 



shown in the top of Rg. 6. the impedance signal 
indicates an apnea condition of the patient. Apnea 
timer 82 is triggered by the falling edge of the 
output of multivibrator A6. As shown in Fig. 6. at 
the falling edge of multivibrator A6, the output at 
the collector of Q3 rises (see Fig. 3). This charges 
capacitor 112. If spontaneous patient respiration 
continues so that there is another output pulse from 
multivibrator A6. this will cause transistor Q3 to 
conduct thereby discharging capacitor 112. How- 
ever, during apnea, multivibrator A6 will provide no 
output, so that the output voltage of Q3 (which also 
appears across capacitor 112) continues to rise as 
shown in Rg. 6. When the output voltage of Q3 
rises to a predetermined value set with the aid of 
potentiometers 66 at the positive input of compara- 
tor A8. this causes a sharp negative puise at the 
output of comparator A8 as shown in Rg. 6. In one 
implementation illustrated in Fig. 6, the values of 
the potentiometers are set so that the output of 
comparator A8 will provide its sharp negative pulse 
if no output is detected from multivibrator A6 for 8 
seconds. Obviously other values may be chosen to 
for the time interval. This sharp negative pulse from 
comparator A8 will trigger the backup timer A9. 

In the configuration of Rg. 3 and Fig. 6. timer 
A9 is set for about 5 seconds. Upon receiving a 
negative pulse from comparator A8, the output of 
timer A9 goes high. This output is inverted by 
inverter A14 and disables the AND-gate 104 
(A12B), thereby causing the AND-gate output to go 
low at all times. The output of timer A9 causes 
AND-gate 102 (A12A) to pass the pulses generated 
by pulse generator A10. Such pulses are passed 
by OR-gate A13. inverted by transistor Q8 to trig- 
ger multivibrator A6 in Inspiratory timer 58. In such 
manner, the generation of the inspiration control 
signal in multivibrator A6 is controlled by pulses 
from pulse generator AID for the time period set by 
backup breath timer 84 (A9). In other words, if no 
spontaneous inspiration is detected for a set time 
period (e.g. 8 seconds), artificially generated in- 
spiration control signals are generated with the aid 
of pulse generator AlO to cause inspirator 12 to 
supply gas to the patient periodically to help 
reinitiate patient spontaneous inspiration. Inverter 
A14. gates 102-106 (gates A12A. A12B. A13) assist 
in turning over control of the inspiratory timer 58 to 
the pulse generator A10 instead of blocks 52-56 of 
Fig. 2. When a backup breath time period in timer 
84 (A9) times out. the output of A9 goes low. 
thereby forcing the output of gate 102 (A12A) to go 
low, and enabling the output of comparator 56 to 
again be in control of timer 58, thereby causing 
timer 58 to be controlled by blocks 52-56 instead 
of the apnea circuitry 82-86 of Fig. 2. 

In the mode of operation of synchronizer 16 
described above, upon the expiration of the inspira- 
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tron time set In timer 58, the supply of gas by 
respirator 12 to patient 10 is prevented for a mini- 
mum exhalation time period set in timer 72. As 
described above, this is accomplished by inhibiting 
timer 58, Such minimum exhalation time period Is 
important since it prevents the respirator from sup- 
plying gas ro the patient when the patient is exhal- 
ing and also prevents inadvertent positive and ex- 
piratory pressure. If gas is supplied while the pa- 
tient is exhaling, this will increase pressure In the 
air sacs in the lungs of the patient. For weak adults 
and infants, such abnormal increase in pressure in 
the lungs may damage the lung tissues. The in- 
crease in lung pressure may also prevent blood 
flow from blood vessels in the brain towards the 
iung in weal< patients and infants. Such increase in 
blood pressure in the brain may cause intracranial 
hemorrhage. Therefore it is crucial to prevent the 
respirator 12 from supplying gas to the patient 
while the patient is exhaling. For some patients, 
this is accomplished by preventing the supply of 
gas after the Inspiratory time period determined by 
timer 58 for a predetermined set minimum exhala- 
tion time period which starts immediately after the 
inspiration time period. For other patients, it may 
be desirable to detect the exhalation by the patient 
and prevent respirator 12 from supplying gas only 
after the patient exhalation has been detected. In 
such event, it is desirable to detect patient exhala- 
tion. This is accomplished by means of blocks 132- 
140 in cooperation with the remaining circuitry of 
Fig. 2. 

If the minimum exhalation time period is to 
begin immediately after the Inspiration time period 
set by timer 58, switch 140 is switched to one 
position causing input 74a to gate 74 to be always 
high so that gate 74 simply passes through the 
output of timer 58 to timer 72 to accomplish the 
various functions during such mode described 
above. However, if the minimum exhalation time 
period is not to begin until exhalation is detected, 
switch 140 is switched to the other position so that 
input 74a of gate 74 is controlled by blocks 132- 
138. The functions of blocks 132-138 will be de- 
scribed in connection with their schematic imple- 
mentation in Fig. 3 and the timing diagrams Fig. 7 
and 8. Amplifiers A16. A17 are non-inverting am- 
plifiers where amplifier A17 adds a DC offset. The 
output of amplifier A16 is applied to peak detector 
134. In reference to Fig. 7. at time til. the output 
of peak detector A19 simply follows the output of 
amplifier A16 until the output of A16 reaches its 
peak. Such peak marks the onset of patient exhala- 
tion. In reference to Fig. 3. the output of peak 
detector At 9 drops to 0 volts as a result of the 
closing of switch 76' as controlled by the exhala- 
tion timer 72 in a manner analogous to the closing 
of switch 76 In peak detector 54 described above. 



At the end of the minimum exhalation time period 
at time t13. switch 76' Is opened, so that the output 
of peak detector A19 follows the output of amplifier 
A16 to 8 volts. Immediately after time t13, the 
5 output of amplifier A16 decreases so that the peak 
detector output remains at its previously high level 
of 6 volts. When the output of amplifier A16 rises to 
above 6 volts at time t14. peak detector output 
again follows it to the peak and the cycle repeats 
10 itself. Comparator A20 compares the output of 
peak detector A19 and amplifier A17. 

It will be noted that amplifier A17 adds essen- 
tially no offset so that the output of comparator A20 
is a sharp positive pulse corresponding to the 
15 Initiation of the exhalation time period by the pa- 
tient. After clipping and Inverting by multivibrator 
A21 and transistor Q7. the output of A20 is applied 
to the input of 74a in the fonm of negative going 
pulses essentially synchronous with the initiation of 
20 the exhalation time period by the patient. In such 
manner, the exhalation timer 72 is triggered at the 
point of detection of the onset of patient exhalation. 
Since gate 74 also responds to the output of timer 
58. timer 72 will be triggered only after a high 
25 output from timer 58 has been detected, indicating 
that there has been spontaneous patient inspiration. 

In this second mode of operation of synchro- 
nizer 16. it will be noted that, at least during the 
time period needed for detecting the initiation of 
30 patient exhalation, the respirator 12 will still be 
supplying gas to the patient, so that at least for 
such time period, the patient will be exhaling 
against gas pressure from the respirator. For this 
reason it is desirable to minimize the time period 
35 during which this occurs. This may be accom- 
plished by choosing an essentially 0 DC offset in 
amplifier A17 as illustrated in Figs. 7 and 8. In such 
manner, the triggering of the minimum exhalation 
time period begins almost instantaneously upon the 
40 ending of the inspiration time period of timer 58. 

In the above discussion, the control of the 
respirator is accomplished by means of information 
derived from a signal indicating the changes in 
impedance across two selective points across the 
45 patient's chest. Other parameters may be used 
instead of the impedance between these two points 
to indicate the inspiration and exhalation by the 
patient. It will be understood that signals measuring 
other patient parameters other than the impedance 
so between such points may also be used and are 
within the scope of this invention as long as the 
signal increases or decreases in levels substantially 
continuously during the Inspiration cycle and 
changes level during the exhalation cycle in the 
£5 direction opposite that during the inspiration cycle. 
Signals that indicate a variety of patient parameters 
fit the above criteria. Thus, electromyogram 
(electrical signals indicating the niovement of the 
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patient's diaphragm), ultra-sound signals indicating 
diaphragm movement in patients, pace maker sig- 
nals, signais from a pneumatic transducer placed 
on top of the abdomen of the patient or electrical 
signals indicating chest muscle contractions may 
all be used to indicate the inspiration and exhala- 
tion cycles of the patient. When such signals are 
fed to ventilation synchronizer 16 of this applica- 
tion, synchronizer 16 will function In exactly the 
same manner as described above for controlling 
respirator 12 supplying gas to the patient Where 
such signals have opposite polarity to the imped- 
ance signal illustrated in the figures of this applica- 
tion (i.e. where signal level decreases during the 
Inspiration cycle and increases during the exhala- 
tion cycle), the circuitry of synchronizer 16 needs 
to be modified only slightly to accommodate such 
signals. For example, inverting amplifiers A1, A2 
may be replaced by non-inverting amplifiers and 
non-inverting amplifiers A16. A17 replaced by in- 
verting amplifiers. Such modification may also be 
made in the event that the impedance signal has a 
polarity opposite to that Illustrated in the figures (in 
other words, the impedance signal decreases in 
amplitude during the inspiration cycle and in- 
creases in amplitude during the exhalation cycle). 
All such different variations and arrangements are 
within the scope of the invention. 

The above described details of the invention 
pertain to the preferred embodiment. It will be 
obvious that other implementations may also be 
used that are within the scope of the invention. For 
example, other circuitry for detecting the rising and 
falling edges of the impedance signal may be used 
to indicate selected points in the inspiration and 
exhalation time period. If it is desirable to trigger 
the beginning of the minimum exhalation time pe- 
riod at a certain time after the onset of exhalation, 
this may be accomplished by selecting the appro- 
priate DC offset voltage for amplifier A17 in a 
manner similar to that for triggering at a selected 
point during the Inspiration time cycle. Other de- 
tails of implementation and methods may also be 
within the scope of the appended claims. 



Claims 

1. An apparatus for controlling a respirator so 
that gas is supplied by the respirator to a patient at 
desired times to aid patient breathing, wherein the 
patient is a newborn baby, said apparatus compris- 
ing: 

means for generating an impedance signal indica- 
tive of the electrical impedance between two se- 
lected points on the newborn baby's chest; and 
inspiration detecting means for deriving an inspira- 
tion control signal from the impedance signal to 



indicate spontaneous patient inspiration and for 
triggering the supply of gas by the respirator upon 
detection of spontaneous patient inspiration. 

2. An apparatus for controlling a respirator so 
5 that gas is supplied by the respirator to a patient at 

desired times to aid patient breathing, said appara- 
tus comprising: 

means for generating an impedance signal indica- 
tive of the electrical impedance between two se- 

10 looted points on the patient's chest: 

inspiration detecting means for deriving an inspira- 
tion control signal from the impedance signal to 
Indicate spontaneous patient inspiration and for 
triggering the supply of gas by the respirator upon 

75 detection of spontaneous patient inspiration cycles, 
wherein the inspiration control signal controls the 
respirator to supply gas for a first predetermined 
time period, and 

means for synchronizing the beginning of said time 
20 period with a selected point in the spontaneous 
patient inspiration cycle. 

3. The apparatus of claim 2. wherein the in- 
spiration control signal controls the respirator so 
that no gas will be supplied for a second predeter- 

25 mined time period after the expiration of the first 
time period to permit the patient to exhale during 
the second time period without being affected by 
the respirator. 

4. The apparatus of claim 1. wherein said de- 
30 riving means comprises: 

means for inverting the impedance signal; 

means for adding to the inverted impedance signal 

a selected DC offset to obtain a sum signal: 

a peak detector for detecting the peaks of the 

35 inverted impedance signal; and 

means for comparing the peak detector output with 
the sum signal for generating the inspiration control 
signal, wherein the DC offset determines the point 
on the rising edge of the impedance signal at 

40 which the triggering of the respirator is synchro- 
nized. 

5. The apparatus of claim 1. wherein said de- 
riving means comprises: 

means for adding to the impedance signal a se- 
45 lected DC offset to obtain a sum signal: 

a peak detector for detecting the peaks of the 
impedance signal; and 

means for comparing the peak detector output with 
the sum signal for detecting the rising edge and for 
50 generating the inspiration control signal. 

6. The apparatus of claim 5, wherein said de- 
riving means further comprises an inspiration timer 
responsive to the comparing means output signal 
for generating the inspiration control signal to con- 

55 trol the respirator for supplying gas for the first 
time period. 
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7. The apparatus of claim 6, wherein said de- 
riving means further comprises an exhalation timer 
responsive to the inspiration controi signal for pre- 
venting the respirator from supplying gas to the 
patient for the second time period to pemnit exhala- 
tion. 

8. The apparatus of claim 1, said apparatus 
further comprising exhalation detecting means for 
generating an exhalation control signal from the 
impedance signal to indicate patient exhalation, 
wherein the inspiration and exhalation control sig- 
nals control the respirator so that no gas will be 
supplied by the respirator for a second predeter- 
mined time period upon detection of exhalation by 
the detecting means, wherein said exhalation de- 
tecting means further comprises an exhalation tim- 
er, said apparatus further comprising a gating 
means responsive to the inspiration and exhalation 
control signals for controlling the exhalation timer 
to prevent the respirator from supplying gas to the 
patient for the second time period only when the 
inspiration control signal indicates the presence of 
spontaneous inspiration and the exhalation control 
signal indicates the presence of spontaneous ex- 
halation. 

9. The apparatus of claim 8. wherein said ex- 
halation detecting means comprises: 

means for adding to the impedance signal a se- 
lected DC offset to obtain a sum signal; 
a peak detector for detecting the peaks of the 
impedance signal; and 

means for comparing the peak detector output with 
the sum signal for generating the exhalation control 
signal, wherein the DC offset determines the point 
on the falling edge of the impedance signal at 
which gas supplied by the respirator is shut off. 

10. The apparatus of claim 1, further compris- 
ing: 

means responsive to the inspiration control signal 
for detecting the failure of spontaneous respiration 
by the patient and for generating a backup respira- 
tion signal; and 

means responsive to the backup respiration signal 
for periodically triggering the supply of gas by the 
respirator to the patient. 

11. The apparatus of claim 10, further compris- 
ing a gating means for selecting between the In- 
spiration control signal and the backup respiration 
signal to control the triggering of the respirator, 
wherein when failure of spontaneous respiration Is 
detected, the gating means causes the periodically 
triggering means to trigger the periodic supply of 
gas by the respirator for a predetermined time 
interval after such detection, and causes said in- 
spiration control signal to resume control of the 
triggering of the respirator after the expiration of 
said time interval. 



12. An apparatus for controlling a respirator to 
supply gas to a patient, wherein said patient is a 
newborn baby whose respiration includes inspira- 
tion and exhalation cycles apparatus comprising: 

5 means for generating a signal indicative of patient 
respiration, wherein the signal increases or de- 
creases substantially continuously in amplitude 
during the inspiration cycle and changes in am- 
plitude during the exhalation cycles in a direction 

10 opposite to that during the inspiration cycle; and 
means for detecting the change in signal amplitude 
which corresponds to the inspiration cycle to gen- 
erate an inspiration control signal to indicate spon- 
taneous patient inspiration and for triggering the 

15 supply of gas by the respirator upon detection of 
spontaneous patient inspiration. 

13. A method for controlling a respirator so that 
gas is supplied by the respirator to a patient, 
wherein said patient is a newborn baby at desired 

20 times to aid patient breathing, said method com- 
prising: 

generating an impedance signal indicative of the 
electrical impedance between two selected points 
on the newborn baby's chest; and 
26 deriving an inspiration control signal from the im- 
pedance signal to indicate spontaneous patient in- 
spiration and triggering the supply of gas by the 
respirator upon detection of spontaneous patient 
Inspiration. 

30 14, The apparatus of claim 1. wherein said 

inspiration detecting means derives said inspiration 
control signal in such manner that the inspiration 
control signal is substantially unaffected by DC 
shifts in the impedance signal, thereby reducing 

35 the effects of a wandering baseline on synchroniza- 
tion of the triggering of the supply of gas upon 
detection of spontaneous inspiration. 

15. The apparatus of claim 14. wherein said 
inspiration detecting means includes a peak detec- 

40 tor for deriving said inspiration control signal. 
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